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abstract
Section I: Fundulus grandis undergo seasonal changes in gonadal 
weight and fat metabolism in their natural environment. In fish sanpled 
at various times of the year, gonad weights of both sexes were greatest 
in January and least in November. The body fat content of females was 
greatest in January and least in November and in males it was greatest 
in March and least in May.
Male Fundulus grandis were subjected to a variety of temperature 
and photoperiodic regimes at three times of the year. The response of 
the reproductive system varied seasonally. Exposure of the fish to 
warm temperature (26°C) resulted in a tenfold stimulation of gonadal 
weights during November and a twofold increase of gonadal weights 
during March. Hcwever, during June, exposure of the fish to warm 
temperature and short daily photoperiods (9L:15D) resulted in 
gonadal regression. Cold temperature (12°C) allowed for a 50 to 
100% increase of gonadal weight during November and June but not during 
March. These results indicate that the annual reproductive cycle of 
male Fundulus grandis is regulated primarily by temperature. In 
addition, the seasonal variation in responsiveness of the reproductive 
system to taiperature and daylength indicates the involvement of an 
endogenous circannual rhythm of sensitivity to environmental factors.
vii
Section II: Daily variations in responses to prolactin administra­
tions have been demonstrated in a variety of vertebrates. The present 
experiments were performed to determine whether a daily variation of 
gonadal responses to prolactin exists in male Fundulus grandis. Eight 
daily injections of cortisol and prolactin, administered at th_ same 
time of day (0-hour relation), induced 33 to 68% increases in testes 
weights and 15% increases in liver fat stores in fish maintained under 
continuous light conditions. The stimulatory effect on tbs reproductive 
system was observed in fish with either undeveloped or well developed 
reproductive systems. Daily injections of cortisol and prolactin in 
other terrporal relations (4-, 8-, 12-, 16- or 20-hour) did not affect 
the reproductive system. The stimulatory effect of cortisol and pro­
lactin (0-hour relation) was observed in fish maintained at 22° or 26°C 
but not at 12°C. Prolactin injected alone resulted in testes weights 
80% greater than those of saline injected controls when administered 
daily at eight hours after the onset of a 14-hour (0700-2100) daily 
photcperiod. Prolactin injections at other times of day were 
ineffective. These results support the hypothesis that temporal 
relationships between endogenous daily rhythms of prolactin and 
cortisol regulate seasonal reproductive changes in this species.
viii
Section III. Salinity preference was determined in male Fundulus 
grandis during different seasons and after several experimental 
treatments. The percentage of time spent by individual fish within 
six catpartments along a horizontal salinity gradient was monitored 
by photographing the position of the fish every five minutes for six 
hours.
Fundulus grandis preferred water of greater salinity during 
Novsrber (mean salinity preference = 22.23 - 3.21 °/oo) than during 
June (13.22 - 2.61 °/oo). Groups of Fundulus grandis were maintained 
under continuous light and injected daily for eight days according 
to one of the following regimes: (1) cortisol and prolactin at the
same time of day (0-hour relationship), (2) prolactin at 12 hours 
after cortisol injection (12-hour relationship), (3) cortisol only,
(4) prolactin only, (5) saline control and (6) uninjected control.
Hie fish treated with both hormones in the 0-hour relationship pre­
ferred water of greater salinity (23.92 - 1.17 °/oo) than uninjected 
control fish (15.85 - 2.29 °/oo), saline injected control fish (13.63 - 
2.81 °/oo) or fish injected daily with both horcrones in a 12-hour 
relationship (15.71 - 2.19 °/oo). The salinity preference of fish 
injected daily with either cortisol only (17.60 - 2.25 °/oo) or 
prolactin only (18.45 - 1.48 °/oo) approximated that of uninjected 
fish.
ix
Section X
Photoperiodic and Temperature Effects on 
Testes Development in the Gulf Killifish, 
Fundulus grandis.
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2Introduction
The role of environmental factors in the regulation of seasonal 
reproductive conditions in teleosts has been investigated intensively in 
recent years. However, largely because of the diversity of the teleosts, 
no unified picture has emerged. Teleosts have invaded a variety of 
aquatic environments and inhabit waters of all latitudes of the globe.
The individual species must be adapted to its particular environment so 
that successful breeding occurs during the time of year in which survival 
of the young is most likely.
One basic reason for the lack of a unifying concept concerning 
environmental regulation of teleost reproduction, if cue is possible, is 
the wide variation in the experimental designs which have been employed. 
This point is emphasized in a critical review of the literature by 
deVlaming (1972a) and is stated in other reviews (Pickford and Atz,
1957; deVlaming, 1974; Donaldson, 1976).
The two environmental factors which have been studied most in 
relation to teleost reproduction are daylength and temperature. The 
role of daylength in the regulation of reproduction has been studied 
extensively in birds and mammals, and a circadian mechanism for photo- 
periodic regulation of reproductive cycles has been established for many 
terrperate zone species (review: Meier, 1975). In contrast, photo-
periodic control of reproduction, independent of temperature influences, 
has been demonstrated in only two teleost species, the brook trout, 
Salvelinus fontinalis, and the sockeye salmon, Qncorhynchus nerka 
(Centos et al., 1959; Henderson, 1963). In most species studied the
3reproductive cycle appears to be controlled either by tsnperature alone or 
by a combination of temperature and photoperiodic changes (deVlaming, 
1972a; 1974).
In the family Cyprinodontidae, seasonal changes in temperature 
initially were thought to be the only regulator of cyclical gonadal 
activity. Burger (1939, 1940) reported that neither gonadal recrudescence 
nor regression was photoperiodically induced in Fundulus heteroclitus 
maintained at warm temperature. He concluded that temperature changes 
alone regulate the annual reproductive cycle in this species. Matthews 
(1939) observed no difference in the effects of continuous light or 
darkness on spermatogenesis in Fundulus heteroclitus. Under continuous 
light, low temperature promoted the early stages of spermatogenesis 
but retarded the maturation of sperm. Matthews concluded that environ­
mental regulation of reproduction in this species occurs by means 
of tearperature changes alone. Hcwcver, because these experiments were 
performed under either continuous light or darkness, extrapolation of 
these results to account for the regulation of an annual cycle in fish 
under natural conditions is probably inappropriate.
In a study of the low latitude marsh killifish, Fundulus 
confluentus, Harrington (1959) observed that warm temperatures promoted 
the later phases of oogenesis but retarded the earlier phases. low 
temperatures exerted the opposite effects. Retardation of the early 
stages by warm temperature was reinforced by long daily photoperiods.
In contrast to the findings in two Fundulus species, the daily 
photoperiod does play an important role in the regulation of reproduction 
in another cyprinodantid, Qryzias latipes. Long daily photoperiods as
well as warm temperature are required for egg maturation and spermato­
genesis in this species (Yoshioka, 1962, 1963). A circadian basis for 
the photoperiodic effect in this species was demonstrated by Chan (1976) 
who reported a daily rhythm of sensitivity to light. Daily light pulses 
(one hour) provided during the dark at 16 to 17 hours after the onset 
of a six hour, nonstimulatory photoperiod induced ovarian development 
whereas similar light pulses given at other times were ineffective. 
Preexposure of the fish to warn temperature enhanced the photoperiodic 
stimulation.
Many of the early studies of environmental regulation of teleost 
reproduction were concerned only with the mechanism involved in the 
stimulation of the gonad prior to the breeding season. Few studies 
have fully investigated the effects of environmental factors at different 
stages of the annual reproductive cycle. The species studied are 
Salvelinus font-i nal i s (Henderson, 1963), Gasterosteus aculeatus 
(Baggerman, 1972), Gillichthys mirabilis, Notemigonus crysoleucas 
(deVlaming, 1972b, 1975), and Heteropneustes fossilis (Vasal and 
Sundararaj, 1976). The effects of different temperature and photoperiodic 
regimes are variable, dependent upon the time of year. It appears that 
these species undergo seasonal variations in the responsiveness of the 
reproductive system to thermal and/or photoperiodic influences.
The present experiments were performed to determine whether seasonal 
variation exists in the response of the male reproductive system of the 
Gulf killifish, Fundulus grandis to different photoperiodic and tempera­
ture regimes. In addition, male and female Fundulus grandis were sampled 
frcm the wild at five times of the year to determine the natural
seasonal cycle of gonad weight and body fat content. This information 
is important for the appropriate design of experiments and interpretation 
of experimental results with Fundulus grandis.
6Materials and Methods
A. Seasonal Variation in Gonad Weight and Body Fat
Seasonal levels of gonad weights and body fat stores were determined 
for both male and female Fundulus grandis at five different times of the 
year. Animals were purchased from professional collectors in the region 
of Grand Isle, Louisiana on October 10, November 14, January 26, March 
8 and May 25. The fish were maintained for a three day observation 
period in 20 gallon aquaria at 21°C with daily photoperiods appropriate 
for the time of year. Food was withheld on the final day to insure an 
enpty digestive system. The following day the fish were killed by 
severing the spinal cord. Body weights were determined to the nearest 
0.1 g and gonad weights were determined to the nearest 0.1 mg. The 
size of the gonads were expressed in terms of the gonadoscmatic index 
(G.S.I. = grains gonad weight/grams body weight x 100) because gonadal 
size in this fish is a function of body weight. Gonad free carcasses 
were dried to constant weight in a drying oven and vacuum desiccator at 
55°C. After determination of dry body weight, fats were extracted with 
petroleum ether in a Soxhlet apparatus. Body fat content was expressed 
as percent of dry body weight. Statistical analysis of seasonal changes 
in gonad weight and body fat content were performed using the analysis 
of variance.
B. Photoperiodic and Temperature Effects on Testes Development
Male Fundulus grandis were subjected to various temperature and
photoperiodic regimes at three different times of the year; November, 
during the prespawning period; March, during the early spawning period;
7and June, during the late spawning period. Experimental fish were placed 
in 10 gallon aquaria (10-15 fish per aquaria) in incubators where the 
water temperature was regulated to within 1°C. Hie incubators were 
equipped with automatically controlled photoperiod regulators. Illumi­
nation was supplied by cool white flourescent bulbs that produced a light 
intensity of 700 lux at the surface of the water. Hie two photoperiodic 
schedules used (15L:9D and 9L:15D) approximate the extremes of daylength 
during the year in the region of Grand Isle, Louisiana. Hie temperatures 
selected are within the range of temperatures (8° to 31°C) normally 
experienced by these fish during the year. The fish were fed commercial 
flake food at randomized times during the photoperiod. In all experiments 
the salinity was maintained at a constant three °/oo (parts per thousand).
Upon termination of each experiment, the animals were killed try 
severing the spinal cord; body weights to the nearest 0.1 g and testes 
weights to the nearest 0.1 mg were determined. Food was withheld on the 
last full day of the experimental treatment to insure an empty digestive 
system. Hie weight of the paired testes was expressed in terms of the 
gonadosanatic index. The results obtained from groups of fish subjected 
to different environmental conditions were compared with one another and 
with the results obtained from sampling feral fish immediately prior to 
the experiment (initial controls).
Statistical comparisons were made by means of the Student's t 
following angular transformation of the data. A basic assunption of 
parametric statistics is that data points produce a normal distribution 
about the mean of a sanple. Hcwever, data such as the gonadosanatic 
index, which are expressed as percentages, are often not normally 
distributed about the mean of a sanple when the values are in the upper
and lower extremes of the percentage scale, The angular transformation 
is a method of normalizing the data about the mean. Data points are 
transformed by means of the equation
9 = arcs in >/ p
where 9 is the value of the transformed ratio and p is the ratio of 
gonad weight to body weight. The angular transformation is particularly 
appropriate and recaimended for data expressed as extremely lew or high 
percentages (Sokal and Rohlf, 1969).
9Results
A. Seasonal Variation in Gonad Weight and Body Fat
There were distinct seasonal fluctuations in gonad weights and body- 
fat stores in both male and female Fundulus grandis (Table I, Fig. 1 and 
2). The gonads of both male and female Fundulus were largest in January 
{G.S.I.'s 0.816 and 3.453, respectively). Visual examination of the 
females revealed the presence of developing follicles in the ovaries. 
However, breeding had not yet occurred at this time. In March the gonads 
of both sexes were smaller than in January. Examination of the females 
indicated that ovulation had occurred in a high percentage of these fish. 
Although testes weights continued to decline in May, ovary weights were 
larger in May than in March. Examination of the females indicated a 
mixture of well developed, nonovulated and ovulated gonads. The gonadal 
weights of both males and females were greatly reduced in October and 
were lewest in November (G.S.I.'s 0.079 and 0.379, respectively). These 
results indicate that gonadal recrudescence occurs in this species during 
the winter and early spring months and that maximum reproductive activity 
occurs during the early spring. However, some sporadic breeding activity 
occurs during the late spring and early suitmer. The reproductive systems 
of seme individuals begin to regress following breeding in the spring, 
and the gonads of all fish are ocnpletely regressed by the fall. The 
reproductive cycle of Fundulus grandis appears to be similar to that of 
the closely related, low latitude fish, Fundulus oonfluentus (Harrington, 
1959).
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Analysis of body fat content at different times of the year also 
revealed significant seasonal variation. In the female, there is a 
synchronism between the variations of body fat content and of ovary weight. 
The highest content of body fat was observed in January (6.91%) and the 
lowest level was found in November (3.63%). A positive correlation of 
body fat content and ovarian development has been observed in other 
teleost species (Love, 1957). In the male, seasonal variation in body 
fat content is not synchronous with variation in testes weights. The 
body fat content is high during January (5.88%) and March (6.22%) and 
lowest in May (3.53%).
B. Photoperiodic and Temperature Effects on Testes Development 
November (Prespawning Period)
The effects of four photoperiodic-temperature conditions on the 
reproductive system of male Fundulus grandis were determined during 
November when the reproductive system is regressed. Groups of fish were 
maintained on 15L:9D or 9L:15D photoperiodic schedules at either 12° or 
26°C for 26 days. The results are shown in Table II and Fig. 3.
The mean G.S.I.'s of both the 15L:9D-12°C group (G.S.I.: 0.148 - 
0.011) and the 9L:15D-12°C group (G.S.I.: 0.157 - 0.015) were greater
(p < .001) than that of the initial controls (G.S.I.: 0.079 - 0.007) but 
much less (p < .001) than that of the 15L:9D-26°C group (G.S.I.: 0.785
- 0.039. The mean G.S.I. of the 15:9D-26°C group was also greater 
(p < .001) than that of the initial controls. Hie effect of short 
daily photoperiods at 26°C was not assessed.
March (Early Spawning Period)
The effects of a number of photoperiodic-temperature combinations on 
the reproductive system of male Fundulus grandis were investigated during 
March when the reproductive system of feral fish is well developed and 
some breeding activity has begun. Five different groups of fish were 
subjected to 15L:9D daily photoperiodic schedules at temperatures of 
28°, 26°, 20°, 16° or 12°C to assess the thermal optimum for gonadal 
development. Two additional groups were subjected to 9L:15D schedules 
at either 26° or 12°C. All groups were maintained on the experimental 
regimes for 22 days. The results are shewn in Table III and Fig. 3.
Warm temperatures (20°C and above) tended to promote an increase in 
testes size. The mean G.S.I.'s of groups subjected to 15L:9D and 20°C 
(G.S.I.: 0.726 - 0.050) or 26°C (G.S.I.: 0.701 - 0.042) were larger 
(p < .05) than those of the initial controls {G.S.I.: 0.542 - 0.051).
Fish maintained at 15L:9D-28°C and 9L:15D-26°C had somewhat larger gonad 
weights than the initial controls, but the mean G.S.I. 's were not signi­
ficantly different. Cold temperatures tended to be inhibitory to the 
reproductive system. The testes weights of both groups of fish at 12°C 
were smaller than those of the initial controls. Hcwever, the mean G.S.I. 
only the 9L:15D-12°C group (G.S.I.: 0.362 - 0.021) was significantly 
less (P < .05) than that of the initial controls. The mean G.S.I. of 
the 15L:9D-16°C group (G.S.I.: 0.528 - 0.071 was approximately the same 
as that of the initial control group.
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June (Late Spawning Period)
Groups of fish were subjected to four different photoperiodic- 
tenperature conditions during June when the gonads of feral fish have 
undergone the initial stages of gonadal regression. Groups of fish 
were maintained on either 15L:9D or 9L:15D daily photoregimes at 
either 26° or 12°C for 25 days. The results of these treatments on 
testes weights are shown in Table IV and Fig. 3.
The testes weights of fish subjected to 12°C at either photo­
period were greater than those of the initial control fish. The mean 
G.S.I. of both the 15L:9D~12°C group (G.S.I.: 0.391 - 0.030) and the 
9L:15D-12°C group (G.S.I.: 0.387 - 0.042) were significantly greater 
(p < .01 and p < .05, respectively) than that of the initial control 
group (G.S.I.: 0.248 - 0.034). The gonad weights of the 15L:9D-26°C 
group (G.S.I.: 0.252 - 0.028) were less (p < .01) than that of the 
15L:9D-12°C group but did not differ frcm those of the initial con­
trols. The mean G.S.I. of the 9L:15D-26°C group (G.S.I.: 0.115 - 0.014) 
was significantly less than that of both the initial controls and of 
the 15L:9D-26°C group (p < .01 and p < .001, respectively).
Discussion
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The results of these experiments demonstrate that the testicular 
response of Fundulus grandis subjected to different temperature and 
photoperiodic conditions varies depending on the time of year when 
the experiment is performed. During the prespawning and early 
spawning periods, the combination of warm temperature and long daily 
photoperiods is stimulatory for the reproductive system. Hcwever, the 
animal becomes refractory to the stimulatory influence of warm tenpera- 
ture at the end of the spawning period. Warm temperature may even be 
inhibitory for the reproductive system in June, at least when coupled 
with a short daily photoperiod.
The stimulatory effects of warm temperature and long daily photo­
periods on the nan-developed reproductive system of fish is well docu­
mented: (Carassius auratus: Kawamura and Otsuka, 1950; Motrppis 
bifrenatust Harrington, 1950, 1957; lepomis cyanellus: Kaya and
Hasler, 1972; Notemigonus crysoleucas: deVlaming, 1975; Heteropneustes
fossilis: Sundararaj and Vasal, 1976; Gasterosteus aculeatus: Baggerman,
1972; and Enneacanthus tibesus: Harrington, 1956). Hcwever, in contrast 
to most studies of fish during the prespawning period, the results of 
the present study indicated that cold temperature also permitted limited 
gonadal growth in male Fundulus grandis maintained on both short and 
long daily photoperiods. These results are consistent with 
the observations of the annual reproductive cycle of this species in 
that Fundulus grandis undergoes initial gonadal recrudescence during 
the winter months in relatively cold water. The rate of gonadal
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development is accelerated in the late winter and spring as daylength 
and water temperature increase. Water temperature increases in the 
Grand Isle region fran an average of about 12°C during February to an 
average temperature of 20°C by late March (Perret, et al., 1971). It 
is not surprising that the environmental conditions that result in 
gonadal recrudescence in a fish that inhabits low latitudes do not 
parallel those that are stimulatory for more northern species. The 
maximum reproductive activity occurs earlier in the year in many low 
latitude fish than in mid-temperate zone species (Harrington, 1959).
In most mid-temperate zone fish, maximum growth and survival of the 
young would be expected during the early summer months when food is 
abundant and water temperature is increasing but not at the annual maxi­
mum. However, the sunnier months are less conducive for the survival of 
the young of species in the lower latitudes due to the early development 
of maximum annual water temperatures and the lew concentration of 
dissolved oxygen that is present during most of the summer.
In March, during the early spawning season, warm benperature, com­
bined with long daily photoperiods, continued to be stimulatory to the 
testes of Fundulus grandis. However, in contrast to the results obtained 
during Novariber, no gonadal growth was observed in groups of fish main­
tained in water below 20°C. These results are consistent with data 
obtained from gonadal samples obtained from the animal in the wild 
during March. Visual observations of the ovaries indicated that the 
majority of the fish had spawned indicating that peak reproductive 
activity occurs when daylength is increasing and water temperature approx­
imates 20°C. However, temperatures higher than 20°C are progressively
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less stimulatory to the reproductive system. It also appears that the 
ccnhination of cold temperature and short daily phofcoperiods is inhibitory 
for gonadal development during the early spawning period. This response 
of the reproductive systsn may serve to delay final gonadal maturation 
during extremely cold spring conditions.
It is apparent that warm temperatures do not continue to be stimu­
latory for the male reproductive system of Fundulus grandis at all times 
of year. In contrast to the stimulatory effects of warm temperature in 
November and March, warm temperature exposure during June did not result 
in gonadal stimulation, but rather, resulted in inhibition when combined 
with a short daily photcperiod. These results are also consistent with 
observations of the gonadal cycle of animals in the wild. The gonadal 
weights of Fundulus grandis decrease during the surrmer and fall when the 
daylength is decreasing. However, water temperature in the Grand Isle 
region remains above 26°C until September and does not fall belcw 20°C 
until November when the gonadal system is completely regressed. This 
change of sensitivity to thermal stimulation inhibits gonadal development 
during the time of year which is not conducive for survival r • die young.
Enhancement of gonadal regression by warm temperature is well 
documented for a number of teleost species (Fundulus heteroclitus:
Burger, 1939, Lofts et al., 1968; Oryzias latipes: Egami, 1956;
Couesius plunfaeus: Ptisan, 1966; Lepcmis cyanellus: Kay a, 1973 and
Gillichthys mirabilis: deVlaming, 1972b), This effect is usually
independent of daylength. Hcwever Sehgal and Sundararaj (1970) 
reported that the rate of ovarian regression in the catfish,
Heteropneustes fossilis maintained at 27-28°C, was mere rapid on a
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9-hour than on a 12-hour daily photoperiod. Similarly, Haydock {1971) 
reported that the rate of ovarian regression in the Gulf croaker, 
Bairdiella icistia maintained at 22°C is more rapid on a short than on 
a long daily photoperiod.
In most of the studies on postspawning regression it was reported 
that gametogenesis could not be prolonged beyond the normal period by any 
regimen of temperature and photoperiod. These observations and the 
results of the present study indicate that the onset of gonadal regres­
sion may be a result of an endogenous circannual cycle in sensitivity 
to environmental stimulation. This change in sensitivity may be due to 
alterations in the physiology or endocrinology of the animal which pro­
gressively change during the year and limit the extent to which 
environmental factors may influence reproductive development.
The present study of Fundulus grandis may be compared with one by 
Harrington (1959) of Fundulus conf luentus, a closely related species 
that occupies waters of similar latitudes. Harrington reported that the 
exposure of females to oold tenperature (15°C) resulted in the stimula­
tion of the initial stages of oogenesis whereas warm tenperature (30°C) 
inhibited the initial ovarian developmental stages but was required for 
the final maturation of the oocytes. Harrington's study was performed 
only with fish in the prereproductive condition (December) and therefore 
no seasonal differences in responsiveness were reported. The results of 
the present study and those of Harrington indicate that increasing 
tanperatures in the spring may provide the stimulus for final gonadal 
maturation and breeding but that similar temperatures are inhibitory 
after spawning. This refractoriness of the reproductive system to
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further thermal stimulation may involve inhibition of the initial stages 
of gametogenesis. Cool temperatures of the fall and winter apparently 
are needed to reestablish a stage of gametogenesis that can be further 
stimulated by warm tenperature.
The results of the present study are consistent with those of 
previous studies an cyprinodantid species that indicate tenperature 
changes play a predominant role in the regulation of seasonal reproduc­
tive conditions. However, the results also demonstrate that photo- 
periodic stimuli may modify the response to tenperature.
The presence of an endogenous, perhaps circannual, change in 
reproductive responsiveness is not unique to Fundulus grandis but 
appears to be present in other ectotherms. Similar variations in 
reproductive responsiveness to environmental stimuli have been reported 
in five other teleosts (review: deVlaming, 1974) and in the green
anole, Anolis carolinensis (Licht, 1967; Trobec, 1974; Noeske and Meier, 
1977). A full understanding of the effects of environmental stimuli an 
reproductive processes must include a comprehension of changes in both 
the exogenous stimuli and the endogenous receptivity that interact 
during the annual reproductive cycle.
Table I
Seasonal Levels of Gcnadosanatic Indexes and Body Fat Ocntent in the 
Gulf Killifish, Fundulug grandis
October 10 Noventer 14 January 26 March 8 May 25
Gonadosgmatic
Index
Testesc 0.132 - 0.042 (15)b 0.079 ± 0.007 (15) 0.816 -  0.047 (15) 0.542 ± 0.051 (11) 0.274 - 0.031 (14)
Ovaries0 0.448 ~  0.013 (14) 0.379 - 0.035 (15) 3.453 - 0.430 (16) 1.814 -  0.188 (15) 2.075 - 0.468 (15)
Body Eat Content 
(% Dry Body Weight)
Males^ 4.07 - 0.40 (15) 4.77 -  0.72 (13) 5.88 -  0.59 (15) 6.22 - 1.47 (9) 3.53 ~  0.41 (13)
Females0 4.41 - 0.67 (14) 3.63 ± 0.52 (11) 6.91 ± 0.53 (16) 4.29 - 0.73 (14) 4.43 -  0.63 (14)
aGonad Weight/Body Weight x 100
^Hunters in parentheses are the nirrber of fish sampled for the reported mean 
cSeasonal variations significant at p < *001
^Seasonal variations significant at p < .05
eSeasanal variations significant at p < .01
00
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Table II
Effect of Various Photoperiod-Taiiperature Regimes
an Gcnadosanatic Indexes of Male Gulf Killifish,
Fundulus grandis, during November
Environmental
Condition N
Mean Gonadosomatic 
Index (G.S.I.) - 
Standard Error
Angular Transforma­
tion of the G.S.I.
- Standard Error
9L:15D-12°C 15 0.157 - 0.015 2.184 ± 0.106°
15L:9D-12°C 15 0.148 - 0.011 2.184 i 0.082°
15L:9D-26°C 9 0.785 - 0.039 5.146 - 0.188°'d
bInitial Controls 15 0.079 ~ 0.007 1.574 - 0.087
a Fish were subjected to experimental conditions fran November 15 to 
December 9, 1975
Sacrificed November 14, 1975
° Significantly greater than initial controls (p < .001)
d Significantly greater than 9L:15D-12°C group {P < .001) and 15L:9D- 
12 C group (p < .001)
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Table III
Effect of Various Photoperiod-Tariperature Regimes
on Gonadosanatic Indexes of Male Gulf Killifish,
Fundulus grandis, during March
Environmental
Condition N
Mean Gcnadosanatic 
Index (G.S.I.) - 
Standard Error
Angular Transforma­
tion of the G.S.I.
- Standard Error
9L:15D-12°C 8 0.362 - 0.021 3.439 - 0.103°
9L:15D-26°C 10 0.607 - 0.067 4.399 - 0.260
15L:9D-12°C 7 0.418 - 0.055 3.668 ~ 0.222
15L:9D-16°C 7 0.528 ~ 0.071 4.114 - 0.276
15L:9D-20°C 12 0.726 - 0.050 4.859 - 0.160d
15L:9D-26°C 11 0.701 ± 0.042 4.781 ± 0.148e
15L:9D-28°C 9 0.616 i 0.052 4.465 - 0.194f
Initial Control*3 11 0.542 ± 0.051 4.159 ~ 0.229
a Fish were subjected to experimental conditions from March 10 to 
March 31, 1976
k Sacrified March 8, 1976
° Significantly less than initial controls (p < .05) and 9L:15D- 
26 C group (p < .01)
d Significantly greater than initial controls (p < .05), 15L:9D-16°C 
group (p < .05) and 15L:9D-12 C group {p < .001)
e Significantly greater than initial controls (p < . 05), 15L: 9D-16°C 
(p < .05) and 15L:9E>-12 C group (p < .001)
^ Significantly greater than 15L:9D-12°C group (p < .05)
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Table IV
Effect of Various Photcperiod-Temperature Regimes
on Gonadosanatic Indexes of Male Gulf Killifish,
Fundulus grandis, during June
Environmentala
Condition N
Mean Gonadosanatic 
Index (G.S.I.) - 
Standard Error
Angular Transforma­
tion of the G.S.I.
- Standard Error
9L:15D-12°C 12 0.387 - 0.042 3.502 ± 0.199C
9L:15D-26°C 9 0.115 ± 0.014 1.917 - 0.112d
15L:9D-12°C 15 0.391 - 0.030 3.551 - 0.134e
15L:9D-26°C 11 0.252 i 0.028 2.832 - 0.161
Initial Controls*3 10 0.248 - 0.034 2.791 i 0.199
Fish ware subjected to experimental conditions frcm June 15 to 
July 10, 1975
k Sacrified June 14, 1975
c Significantly greater than initial controls (p <. .05), 9L:15D-
26 group (p < .001) and 15L:9D-26 C group (p < .05)
d Significantly less than initial controls (p<.01) and 15L:9D-26°C 
group (p < .001)
Significantly greater than initial controls (p < .01), 9L:15D-
26 C group (p < .001) and 15L:9D-26 C group (p < .01)
Figure 1
Seasonal changes in the gcnadosanatic 
indexes of male and female Fundulus grandis
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Seasonal changes in body fat content 
of male and female Fundulus grandis
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Figure 3
Seasonal changes in the gonadosanatic index of male Fundulus 
grandis in response to various photoperiodic and thermal conditions. 
Initial control fish were sacrificed immediately before the begin­
ning of environmental manipulation. Experimental groups were main­
tained on photoperiodic-terperature regimes for 22 to 26 days.
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Section II
Temporal Synergism of Cortisol and Prolactin in 
the Regulation of Testes Development in the Gulf 
Killifish/ Fundulus grandis.
28
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Introduction
Many species of fish/ including the Gulf killifish/ Fundulus 
grandis (Section I), undergo seasonal cycles of gonadal activity. The 
regulation of the reproductive cycle in temperate zone terrestrial 
animals occurs primarily through photqperiodic mechanisms (review:
Meier, 1975). In contrast, the regulation of annual reproductive 
cycles in teleosts is not so easily attributable to the direct interven­
tion of a single environmental factor. Both photoperiodic and thermal 
influences, acting independently or together, influence reproductive 
cycles in various teleost species (review: deVlaming, 1974). The
annual reproductive cycle of Fundulus grandis is influenced by both day­
length and tenperature. However, the effects of these environmental 
factors on reproduction are seasonally variable (Section I). This 
seasonal variation in responsiveness implicates an endogenous annual, or 
circannual, rhythm of sensitivity to environmental stimulation.
Although the reproductive cycle is the most obvious annual cycle, 
seasonal changes in body lipid reserves are also well known in teleosts 
(love, 1957; Shul'man, 1974) including Fundulus grandis (Section I).
High levels of body fat stores serve to support the metabolic demands 
associated with seasonal reproduction and migration. Because a high 
degree of organization is required to coordinate seasonal changes within 
the animal and between the animal and its environment, it is likely that 
a common regulatory mechanism is involved in these seasonal changes. 
Meier and coworkers (reviews: Meier, 1973, 1976) have provided exten­
sive evidence for such a carmen mechanism in the regulation of seasonal
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changes in reproduction, migratory behavior and fat stores in the white- 
throated sparrow, Zonotrichia albicollis, based upon temporal changes 
in the relationship between circadian hormone rhythms.
Several investigations have duplicated prolactin in the regulation 
of fat stores in vertebrates. Prolactin administration increases or 
decreases body fat stores in fish, anphibians, reptiles, birds, and 
maimals depending on the time of day when the hormone is administered 
(Meier and Bums, 1976). Daily variations in the fattening response 
have been reported for six teleost species: Fundulus grandis (Joseph
and Meier, 1971); Fundulus chrysotus, (Lee and Meier, 1967); Fundulus 
kansae, (Mehrle and Fleming, 1970); Fundulus similis and Cyprinodon 
variegatus, (deVlaming and Sage, 1972) and Notemigonus chrysoleucas,
(Pardo and deVlaming, 1976).
The presence of a daily rhythm of a fattening response to prolactin 
suggests the involvement of an endogenous circadian system, entrained 
by the photoperiod, that establishes this rhythm of responsiveness.
The daily rhythm in plasma concentration of adrenal cortical hormone 
apparently accounts for the daily rhythm of fattening response to 
prolactin. Daily rhythms of plasma adrenal cortical hormone are found 
in a variety of vertebrates, are entrained by the daily photoperiod, 
and drive the circadian rhythms of many other parameters (Halberg,
1969). Meier et al. , (1971c) reported that daily injections of adrenal 
cortical hormones entrain the daily rhythms of fattening responses to 
prolactin in a fish, reptile, bird, and mammal maintained under continu­
ous light conditions. Highest levels of liver and body fat stores 
were found in Fundulus grandis which received prolactin at 18 or 24
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hours after the time of day of cortisol administration.
In addition to the rhythms of fattening response, temporal varia­
tions in the effects of prolactin on the reproductive system of the 
white-throated sparrow (Meier, 1969) and the golden hamster, Mesocricetus 
auratus, (Joseph and Meier, 1974) have been reported. Daily injections 
of corticosterone entrained a daily rhythm of reproductive responses to 
prolactin in white-throated sparrows and house sparrows maintained under 
continuous light conditions (Meier et al., 1971b). Maximum gonadal growth 
occurred when prolactin was injected 12 hours after corticosterone in 
the white-throated sparrow and 8 hours after corticosterone in the house 
sparrow. In contrast, an 8-hour temporal relationship between cortico­
sterone and prolactin injections resulted in gonadal depression in the 
white-throated sparrow. A similar entrainment of a daily rhythm of 
reproductive responses to prolactin by daily corticosterone injections 
has been reported for the golden hamster (Joseph and Meier, 1974).
A variety of biological functions of prolactin in fish have 
been proposed. Of these functions the one which has received the most 
attention is the osmoregulatory function of prolactin in fresh water 
survival. Prolactin has also been reported to be involved in several 
phases of the teleost reproductive cycle, such as parental egg fanning, 
production of nutritive mucous ("discus miIk"), stimulation of the 
marsupial epithelium in the male sea horse, maintenance of gestation in 
viviparious teleosts, and synergism with androgens in the stimulation of 
seminal vesicles (Ball, 1969). Only two experiments have been reported 
concerning an effect of prolactin on the gonads of teleosts. Sundararaj 
and Keshavanath (1976) reported that prolactin administration impeded
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ovarian development in Heteropneustes fossilis. They concluded that 
this effect of prolactin occurred by means of a reduction of gonadotropin 
production. In contrast, Blum and Weber (1968) reported that prolactin 
had a stimulatory effect on steroidogenic enzyme activity and P3SA. pro­
duction in the ovary of Aequidens pulcher. Because temporal synergisms 
of adrenal cortical hormone and prolactin have been reported to 
influence the reproductive development of birds and mammals and to 
influence fat metabolism in a number of vertebrates including Fundulus 
grandis, the present studies were performed to investigate the temporal 
synergistic interaction between cortisol and prolactin on the regula­
tion of gonadal development in male Fundulus grandis.
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Materials and Methods
Male Fundulus grandis were purchased from canmerical collectors in 
the region of Grand Isle, Louisiana. In all experiments the fish were 
maintained in water with a salinity of three parts per thousand 
in 10 or 20 gallon aquaria. The water was filtered continously through 
charcoal and filter floss contained in an exterior aquarium filter.
The fish were fed daily with commercial fish flakes at random times 
during the day. In Experiments 1, 2 and 3 the fish were maintained 
under continuous light conditions (600 lux at the surface of the water) 
for two to three weeks prior to the experimental treatment to eliminate 
the endogenous daily cortisol rhythm (Cheifetz, et al., 1968; Joseph 
and Meier, 1973). In Experiments 1, 2 and 4 the animals were maintained 
at 22° C - 1°C. In Experiment 3 the animals were maintained at either 
12° or 26° - 1°C. Cortisol and prolactin were administered intraperi- 
toneally in concentrations of 2 ng/g body weight/day in 0.02 ml of vehicle. 
The vehicle was 0.65% saline for prolactin and 0.65% saline containing 
4% ethanol for cortisol. Food was withheld from the fish on the final 
day of hormone treatment to insure an enpty digestive system when killed. 
The day following the last hormone administration the fish were killed 
by severing the spinal cord. Body weights to the nearest 0.1 g and 
testes weights to the nearest 0.1 mg were quickly determined. Gonad 
weights were expressed in terms of the gonadosanatic index (G.S.I. = 
gonad weight in grams/body weight in grains x 100) because gonad weight 
is a function of body size in this species.
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Statistical analysis was performed by ireans of analysis of 
variance, orthogonal comparisons and the Student’s t following angular 
transformation of the data. A basic assumption of parametric statistics 
is that data points produce a normal distribution about the mean of a 
sample. However, data, such as the gonadosanatic index, which are 
expressed as percentages, are often not normally distributed about the 
mean of a sample when the percentages are within the upper or lower 
extremes of the percentage scale. The angular transformation is a method 
of normalizing the data about the mean. Data points are converted by 
means of the equation
© = arcs in \Z~p~
where 0 is the value of the transformed ratio and p is the ratio of gonad 
weight to body weight. The angular transformation is particularly 
appropriate and recommended for data expressed as extremely lew or high 
percentages (Sokal and Rohlf, 1969).
Experiment 1
Male Fundulus grandis were brought into the laboratory on October 
14, 1975. At this time of year the testes were undeveloped (G.S.I. = 
0.132 - 0.043) in fish sacrificed prior to the experiment. The fish 
were maintained under continuous light conditions for 14 days prior to 
and throughout hormone treatment. Daily injections of cortisol were 
administered at either 0900 or 2100 for 10 days beginning oo October 
28, Both groups receiving steroids were divided into 3 subgroups which 
received daily injections of prolactin at either 0900, 1300, or 1700 
from day 3 to day 10 of the cortisol injections. Thus, individual
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groups of fish received daily prolactin injections in six different 
temporal relationships (0, 4, 8, 12, 16 and 20 hours) relative to daily 
injections of cortisol. An additional group served as a control and 
received no injections.
One day after the termination of hormonal treatment the animals 
were killed and analyzed for gonad weight and body and liver fat con­
tent. Livers and gonad-free carcasses were dried to constant weight 
in a drying oven and vacuum desiccator at 55°C. After determination 
of dry weights, body and liver fat was extracted with petroleum ether 
in a Soxhlet apparatus. Liver and body fat content are expressed in 
percent of dry weight.
Experiment 2
Male Fundulus grandis were brought into the laboratory on January
28, 1976 and placed under continuous light conditions for 25 days prior
to and throughout treatment. At this time of year the gonads were well
4*developed (G.S.I. = 0.815 - 0.047) in fish sacrificed prior to the 
experiment. Daily injections of cortisol or vehicle (0.65% saline, 4% 
ethanol) were administered for 10 days at either 0900 or 2100 beginning 
on February 20. Groups receiving daily cortisol injections were 
injected frcxn day 3 to day 10 of steroid administration with either 
prolactin or 0.65% saline in either a 0-hour (CP-O or CS-0) or a 12- 
hour (CP-12) pr CS-12) temporal relationship to the time of daily 
cortisol injections. Groups receiving the saline-ethanol vehicle 
were injected fron day 3 to day 10 of vehicle injections with prolactin 
in either a O-hour (SP-0) or a 12-hour (SP-12) tenporal relationship 
to the time of vehicle administration. A final group served as an
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uninjected control <U). The 12-hour relationship was chosen as an alter­
nate treatment because the results of Experiment 1 indicated that this 
temporal pattern resulted in the lowest gonadal weights in nondeveloped 
fish. One day after the termination of treatment the animals were killed 
and the gonadosomatic indexes determined.
Experiment 3
This experiment was performed to determine the effects of constant 
warm (26°C) or cold (12°C) water tenperature an the gonadal response 
to the O-hour relationship of cortisol and prolactin injections. Male 
Fundulus grandis were brought into the .laboratory on November 29, 1976, 
placed in 10 gallon aquaria and subjected to continuous light conditions 
(LL) in incubators adjusted to 22°C. On December 3 the animals were sub­
jected to either EL at 26°C or EL at 12°C for nine days prior to and 
throughout treatment. At this time of year the reproductive system of 
feral fish sacrificed prior to the experiment, is undeveloped (G.S.I. = 
0.117 - 0.057). Beginning on December 12, two groups of fish (one at 
each tenperature) received daily injections of a combination of cortisol 
and prolactin at 1030 for eight days. TWo control groups (one at each 
tenperature) were given saline injections at 1030 for eight days. One 
day following the end of hormone and saline treatment the animals were 
killed and subjected to analysis of gonad weight.
Experiment 4
This experiment was performed to determine the response of the 
reproductive system of male Fundulus grandis to daily prolactin or saline
injections administered at different times during a 14L:10D daily photo- 
regime. Male Fundulus grandis were brought into the laboratory on May 
18, 1977, placed in 20 gallon aquaria and subjected to a 14-hour daily 
photoperiod (0700-2100) at 22°C. Visual examination of the gonads of 
a few specimens indicated a moderate development of the reproductive 
system prior to acclimation. Beginning on June 1, eight daily injections 
of either prolactin or 0.65% saline were administered to individual 
groups of fish at either 0700, 1100, 1500, 1900, or 2300. Thus, indivi­
dual groups of fish were injected with saline or prolactin at 0, 4, 8,
12, or 16 hours after the onset of the daily photoperiod. A final 
group served as an uninjected control. Cue day after the final 
prolactin or saline injection the animals were killed and the testes 
and body weights determined.
Results
Experiment 1
Daily injections of prolactin did not alter gonad weight when 
administered at five of the six temporal relationships with cortisol 
administration. However, daily prolactin injections administered at 
the same time as cortisol (CP-O-hour) resulted in gonad weights (G.S.I.= 
0.399 - 0.056) that were larger than those of noninjected animals (G.S.I. 
0.248 - 0.050) (p < .05: Student's t) (Table V, Fig. 4). Analysis of
variance indicated a significant time difference in the gonadal response 
to prolactin injections at the six time relations (p < .05).
The liver fat content also varied as a function of the temporal 
relation of hormone injections (p < .05: analysis of variance) (Table
VI, Fig. 5). The highest mean level of liver fat (32.76% of dry weight) 
was found in the CP-0-hour group. The lowest level of liver fat was 
observed in the CP-16-hour group (18.40% of dry weight). Liver fat 
content of the uninjected animals was 28.48% of the dry liver weight.
Ihe body fat content varied among the treatments in a similar manner 
(Table VI). The highest body fat content (5.74% of dry weight) was 
found in the CP-0-hour group and the lowest body fat content (4.57% of 
dry weight) was found in the CP-8-hour group. However, a temporal 
variation could not be verified statistically (p > .05) with analysis 
of variance.
Experiment 2
The results of Experiment 2 are shown in Table VII and Fig. 6. A 
0-hour relationship between cortisol and prolactin injections (CP-0)
induced an increase in gonad weight (G.S.I.: 0.791 - 0.061) compared
with either the CS-0 treatment (G.S.I.: 0.453 - 0.028) or with untreated
controls (G.S.I.: 0.601 - 0.056) (p < .05: Student's t). The gonad
weights of the CS-0 group were reduced compared with those of the 
uninjected animals (p <. 05: Student's t). In contrast with the stimula­
tory effects observed in the CP-0 group, the gonads of tie CP-12 group 
were approximately the same weight (G.S.I.: 0.620 - 0.060) as those of
the untreated fish. Although the testes weights of neither the SP-0 
(G.S.I.: 0.701 - 0.086) nor the SP-12 (G.S.I.: 0.750 - 0.056) groups
were significantly higher than those of the uninjected fish, the gonadal 
weights of the two SP groups were significantly greater than those of 
the two CS groups (p < .01: orthogonal comparison).
Experiment 3
The results of Experiment 3 are shown in Table VIII and Fig. 7.
The testes weights of the CP-0 group maintained at 26°C (G.S.I.: 0.286 
4*- 0.043) were significantly greater (p < .01: Student's t) than those
of the saline injected control group (G.S.I.: 0.170 - 0.028) at the
same tenperature. There was no difference between the gonadal weights 
of the CP-0 and saline injected groups maintained at 12°C.
Experiment 4
Daily saline injections generally resulted in gonadal weights which 
were less than those of uninjected controls and of fish which were 
treated with prolactin at the same time of day (Table IX, Fig. 8). Com­
parisons of gonadal weights between prolactin- and saline-treated
groups at each time of day indicated no significant difference between 
treatments at 0700, 1100, 1900 or 2300. However, there was a significant 
difference (p < .05: Student's t) between the gonadal responses to
prolactin (G.S.I.: 0.591 — 0.065) and saline (G.S.X.: 0.320 - 0.062)
injected at 1500. Daily injections of prolactin at 1500 maintained 
gonadal weights at levels similar to those of uninjected animals (G.S.I.: 
0.616 - 0.107). Therefore the stimulatory effect of prolactin completely 
overcame the maximal inhibitory effect of handling disturbance which 
occurred in fish injected with saline at 1500.
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Discussion
Hie results indicate that a specific temporal relationship between 
cortisol and prolactin administration has a stimulatory influence on 
the male reproductive system in Fundulus grandis. Cortisol and prolactin 
consistently increased gonad weights in fish maintained at temperatures 
of 22° and 26°C when administered in a 0-hour relationship.
Previous studies have demonstrated that daily injections of 
adrenal corticoids and prolactin in specific temporal relationships 
either increase or decrease gonad weight in the white-throated sparrow, 
(Meier et al., 1971b) the green anole lizard (Trobec, 1974) and the 
golden hamster (Joseph and Jfeier, 1974) maintained an continuous light 
conditions. However, the present experiments did not reveal an 
inhibitory temporal hormonal realtionship in Fundulus grandis. Because 
of the low initial gonad weights of the fish utililzed in Experiment 1, 
an inhibitory relationship between cortisol and prolactin would not be 
easily detectable. In Experiment 2, in which fish with well developed 
reproductive systems were studied, only the 0- and 12-hour relationships 
were investigated. Future investigations may indicate that seme temporal 
relationship other than the 0- or 12-hour relationship is inhibitory.
An absence of an inhibitory relationship between cortisol and 
prolactin on the reproductive system of Fundulus grandis would be 
unusual in that the predominant effect of prolactin in lower vertebrates 
is one of inhibition (Meier, 1975). Several studies of teleosts have 
indicated an inverse relationship between plasma or pituitary prolactin 
and the level of pituitary gonadotropin cell activity (review: Fontaine,
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1975). A stimulatory effect of prolactin on the ovary of Aequidens 
pulcher was reported by Blum and Waber (1968). Prolactin administration 
increased both ovarian KNA levels and the activity of the ovarian steroido­
genic enzyme 3J3-OHSD.
The stimulatory influence of prolactin on the gonad is not 
restricted to Fundulus grandis and Aequidens pulcher. Treatment with 
prolactin in specific temporal relationships to the photqperiod or to 
daily injections of adrenal cortical hormone induced gonadal growth in 
two avian species (Meier et al., 1971b) and a lizard, Anolis 
carolinensis (Trobec, 1974). The stimulatory effect of prolactin on the 
manrralian ovary is well known and has been reported extensively (review: 
Nicoll, 1974). In addition, prolactin increased both testicular weight 
and circulating testosterone levels in hamsters maintained on a non- 
stimulatory photoperiod (Bartke et al., 1975). The stimulatory effect of 
prolactin on the mammalian reproductive system apparently is the result 
of increases in the number of Ifl receptors in the ovary (Grinwich et al., 
1976; Holt et al., 1976) and testes (Bohnet et al., 1975; Bohnet and 
Friesen, 1976). Prolactin injections for as little as three days com­
pletely restored LH receptor levels and testosterone production in 
hamsters placed on a nonstimulatory daily photqperiod (Bex and Bartke,
1977). Prolactin activity an the teleost testes may involve a similar 
mode of action. Although the question of whether teleosts produce one 
or two gonadotropic hormones has not been resolved, most experimental 
evidence indicates that the teleost gonadotropic hormone (s) is more 
similar to mammalian IH than to FSH (deVlaming, 1974).
Ihe results of Experiment 2 indicate that prolactin rather than 
cortisol is the causative agent in the gonadal stimulation of Fundulus 
grandis. Cortisol and saline injections decreased gonadal weights. An 
increase in gcnad weight in response to simultaneous saline and pro­
lactin injections is predictable in view of the fact that daily dis­
turbances can have marked effects upon body fat stores and reproductive 
conditions in vertebrates (Meier et al., 1973). Daily injections of 
saline have been found to entrain both the daily rhythm of fattening 
responses to prolactin in a lizard (Trobec, 1974) and the daily rhythm 
of reproductive photosensitivity in the house sparrcw (Meier and 
Dusseau, 1973). In quail, daily injections of saline produced responses 
in fat stores and testes weights which were similar to those responses 
resulting frcm daily injections of corticosterone (Meier et al., 1973). 
The stress of capture and blood sampling of fish caused marked increases 
in plasma cortisol levels within 20 minutes after the stress (Spieler,
1974). Therefore because the disturbance of injection would be expected 
to increase endogenous cortisol levels, daily treatment with saline and 
prolactin at the same time for eight days would establish a 0-hour 
relationship between endogenous cortisol increases and exogenous pro­
lactin administration. The administration of exogenous cortisol 
apparently overrides the effects of endogenous cortisol released by 
the stress of handling as indicated by the lack of gonadal stimulation 
in the CP-12-hour groups in Experiments 1 and 2. Injections of saline 
and prolactin in a 12-hour relationship, however, did result in 
increases in gonad weight. Apparently both the injection of saline and 
of prolactin were effective in inducing rises of endogenous plasma
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cortisol levels. Hus problem of stress responses to multiple daily 
injections is not fully understood and deserves further study.
An interaction between the effects of daily disturbance and 
prolactin administration is evident frcm the results of Experiment 4. 
Daily saline injections eight hours after the onset of light resulted 
in a maximum reduction of gonad weights when compared with the gonadal 
response to saline administration at other times of day. Hcwever, 
prolactin administration at this time apparently blocked the inhibitory 
effect of the injection disturbance and maintained gonadal weights at 
levels only slightly lower than those of uninjected fish. The time of 
maximal inhibitory response to saline injections corresponds with the 
time of highest endogenous levels of cortisol in Fundulus grandis in 
both the summer (Garcia and Meier, 1973) and the fall (Srivastava and 
Meier, 1972). The effects of daily disturbances on physiological 
processes may be more severe when the timing of the disturbance coin­
cides with the time of the normal endogenous rise of plasma cortico­
steroid levels.
The stimulatory effect of the 0-hour relationship between cortisol 
and prolactin was restricted to animals maintained at warmer tempera­
tures (22° and 26°C) and was ineffective in animals maintained at 12°C. 
These results seem to conflict with the observation that gonadal 
recrudescence occurs in this species during the winter months when 
water temperatures approximate 12°C. The lack of a stimulatory effect 
of a 0-hour relationship at 12°C may be explained by the short term 
duration of the injection series. Hie rates of physiological processes 
in ectothermic animals are dependent upon ambient temperature. Injec­
tions of cortisol and prolactin for longer than eight days may have also
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been effective at the lew temperature.
Fundulus grandis undergoes seasonal variation in both gonadal 
development and body fat content which appear to be positively corre­
lated. Highest levels of body fat occur at a time of year when the 
reproductive system is also well developed (Section X). The results 
of Experiment 1 also demonstrate a positive correlation between level 
of body fat and reproductive development. Administration of cortisol 
and prolactin in a 0-hour relationship resulted in increases in gonadal 
weights as well as body and liver fat stores. In addition, cortisol 
and prolactin administration in a 0-hour relationship promotes a salt 
water preference in Fundulus grandis, a condition which is characteristic 
of feral animals during the time of gonadal recrudescence (Section III). 
Therefore the regulation of seasonal changes in reproductive activity, 
fat metabolism, and salinity preference may involve a ootrmon regulatory 
mechanism. A common mechanism for the regulation of reproduction, fat 
stores, and oriented migratory behavior in the white-throated sparrow 
Zonotrichia albioollis, has been proposed (review: Meier, 1976). Ihis
mechanism is based upon the temporal changes between endogenous daily 
rhythms of corticosterone and prolactin which occur at various seasons 
of the year.
The present experiments lend support to a similar typothesis that 
the regulation of seasonal, changes in fat stores and reproduction in 
Fundulus grandis occurs by means of seasonal changes in the temporal 
relationship between the daily rhythms of cortisol and prolactin. The 
validation of this hypothesis depends on the fulfillment of two condi­
tions. First, daily rhythms of both cortisol and prolactin must be
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demonstrated in this species. Second, the timing of the daily rhythm 
of one or both hormones must change during the year with respect to the 
photoperiod and, more inportantly, with respect to one another.
The presence of a daily rhythm of plasma cortisol in Fundulus 
grandis during two summer months has been reported {Garcia and Meier,
1973). The daily rhythm of cortisol differed between the two sexes but 
the pattern of the rhythm in either sex did not change fran June to 
August. The rhythm of the male was bimodal; the peaks were at dawn and 
eight hours after dawn. The rhythm of the female was unimodal; high 
concentrations were present late in the day and during the night. In 
male Fundulus grandis sampled during November, a peak of plasma cortisol 
also was observed eight hours after dawn (Srivastava and Meier, 1972).
From these studies it appears that the timing of the daily rhythm of 
plasma cortisol does not undergo seasonal change. This conclusion is 
consistent with the results of Joseph and Meier (1971) who demonstrated 
that the time of peak fattening responsiveness to prolactin in Fundulus 
grandis occurred eight hours after the onset of light in animals main­
tained on 8-, 12-, or 16-hour daily photoperiods. Thus the daily rhythm 
of fattening response to prolactin, apparently entrained by the endogenous 
daily rhythm of cortisol, maintains a constant 8-hour relationship with 
the onset of light regardless of daylength. The peak of fattening 
response to prolactin corresponds with the peak of plasma cortisol in 
male killifish. These results parallel those of the present study 
wherein simultaneous injections of cortisol and prolactin stimulated 
maximal fat disposition (Exp. 1). Both lines of evidence indicate that 
a 0-hour hormonal relationship prorates fat storage.
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Daily rhythms of plasma prolactin have been reported for four 
teleost species: Carassius auratus (Leatherland and McKeown, 1973;
Spieler and Meier, 1975), Oncorhynchus nerka (Leatherland et al., 1974), 
Mugil cephalus (Spieler et al., 1976a), and Fundulus grandis (Spieler,
1975). Seasonal changes in the daily rhythm of plasma prolactin were 
also observed in Mugil cephalus (Spieler et al., 1976a).
In laboratory acclimated Fundulus grandis, both temperature and 
photoperiod have been demonstrated to influence the daily rhythm of 
plasma prolactin. In a recent experiment, Spieler, Meier, and Noeske 
(unpublished) found that the phase of the prolactin rhythm of fish 
maintained on 12L:12D daily regimens varied with temperature. A dis­
tinct peak of plasma prolactin occurred near the onset of the photoperiod 
in fish acclimated to 28°C; whereas the peak of plasma prolactin was 
observed eight hours after the onset of light in fish acclimated to 
either 12° or 20°C. Therefore warm temperatures similar to those 
experienced by this species during the summer would result in an 
alteration of the temporal relationship between endogenous rhythms of 
cortisol and prolactin. This change in the timing of the daily rhythm 
of prolactin in response to elevated temperature probably accounts for 
the gonadal regression which occurs in Fundulus grandis during the 
summer months in response to warm temperature. During June, continuous 
exposure of male Fundulus grandis to a 9L: 15D photoregime and 26°C 
resulted in gonadal regression (Section I). However, the involvement of 
a circannual rhythm of thermal sensitivity is indicated in that warm 
temperature was stimulatory for the reproductive system during the fall 
and spring.
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Although changes in temperature appear to exert the primary environ­
mental influence upon the regulation of the annual gonadal cycle in 
Fundulus grandis, day length has a modulating role (Section I). Photo- 
period duration also influences the daily rhythm of prolactin in this 
species. On a 15L:9D photoregime a peak of prolactin occurred four hours 
after the onset of light whereas on a 9L:15D photoregime prolactin 
levels were high throughout the day and decreased only during the night 
(Spieler/ 1975). Therefore it appears that under specific conditions 
both tanperature and daily photoperiod can influence the timing of the 
daily rhythm of plasma prolactin and result in changes in the temporal 
relationship between daily rhythms of cortisol and prolactin.
The results of the present experiments add to the growing list 
of physiological responses to prolactin which depend on the time of 
hormone administration in relation to a daily photoperiod or to a daily 
injection of adrenal cortical hormone. Daily variations in physiological 
responses to prolactin simulate the alterations of physiological and 
behavioral conditions that occur during the annual cycle of the 
species. These daily variations in responsiveness to prolactin strongly 
inplicate changes in the temporal relationships between daily rhythms of 
adrenal cortical hormones and prolactin as a primary regulator of the 
annual, cycle of vertebrates.
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Table V
Tenporal Synergism of Cortisol and Prolactin in the
Regulation of the Gonado somatic index of Male Fundulus grandis
(Experiment 1)
Daily Prolactin 
Injections (Hours, 
after cortisol) ' N
Gonadosanatic Indexc 
(G.S.I.) - Standard 
Error
Angular Transforma­
tion of the G.S.I. 
- Standard Error
0 12 0.399 - 0.056 3.525 ± 0.256e
4 12 0.224 - 0.037 2.619 i 0.209
8 11 0.246 - 0.047 2.731 - 0.250
12 10 0.216 - 0.040 2.560 - 0.244
16 12 0.283 - 0.047 2.926 - 0.260
20 10 0.222 - 0.029 2.633 - 0.201
Uninjected Controls 11 0.248 - 0.050 2.663 - 0.327
Animals were maintained on oontinous light from October 14, 1975 
and received 10 daily cortisol injections beginning October 28 and 
8 daily prolactin injections beginning October 30.
U
The pattern of gonadal responses to prolactin is statistically 
significant at p < .05.
c Gonad weight/body weight x 100
^ Arcsin s/ Gonad wt./TBody wt.
e Significantly different from uninjected controls at p C. -05.
50
Table VI
Temporal Synergism of Cortisol and Prolactin in the
Regulation of Fat Stores of Male Fundulus grandis
(Experiment 1)
Liver Fat Content Body Fat Content
Daily Prolactin Injections Liver Fat (% Dry Body Fat. (% Dry Body
(Hours after cortisol) liver weight) weight) - Standard
Standard Error Error
0 32.76 - 2.52 (10)c 5.74 - 0.39 (12)°
4 22.84 - 2.65 (8) 5.14 - 0.41 (11)
8 19.09 - 3.71 (8) 4.57 - 0.53 (11)
12 20.82 i 5.09 (6) 4.67 - 0.45 (10)
16 18.40 - 3.19 (9) 4.76 - 0.33 (12)
20 28.11 - 3.97 (10) 5.39 - 0.39 (11)
Uninjected Controls 28.48 - 3.41 (11) 6.27 - 0.65 (12)
Animals were maintained c h i continuous light from October 14, 1975 
and received 10 daily cortisol injections beginning October 28 and 
8 daily prolactin injections beginning October 30.
j.
The pattern of liver fat responses to prolactin is statistically 
significant at p < .05.
° Numbers in parentheses are the number of fish sampled.
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Table VII
Tenporal Synergism of Cortisol/Prolactin, Saline/Prolactin 
or Cortisol/Saline on the Gonadoscmatic index of Male 
Fundulus grandis (Experiment 2)
N
Gonadoscmatic Index 
(G.S.I.)- Standard 
Error
Angular Transform^- 
mation of G.S.I. - 
Standard Error
Daily Prolactin Injec­
tions (Hours after 
Cortisol)
0 11 0.791 ~ 0.061 5.065 - 0.193d
12 10 0.620 - 0.060 4.467 - 0.216
Daily Prolactin Injec­
tions (Hours after 
Saline)
0 11 0.701 - 0.086 4.713 ± 0.315f
12 12 0.750 - 0.056 4.927 - 0.191s
Daily Saline Injec­
tions (Hours after 
Cortisol)
0 10 0.453 - 0.028 3.840 - 0.125e
12 12 0.491 - 0.056 3.945 ± 0.229
Uninjected Controls 11 0.601 - 0.056 4.396 i 0.209
All animals were maintained on continuous light frcm January 28, 1976. 
Animals received 10 daily injections of either cortisol or saline 
beginning February 20 and 8 daily injections of either prolactin or 
saline beginning February 22.
k Gonad weight/body weight x 100
c Arcs in \J gonad wt./body wt.
Significantly different frcm uninjected controls and CS-0 group at 
p < .05.
e Significantly different frcm uninjected controls at p < .05.
^ Significantly different frcm CS-0 group at p < .01.
s Significantly different frcm CS-12 group at p < .01.
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Table VIII
Tenporal Synergism of Cortisol and Prolactin on the
Gonadoscmatic Index of Male Fundulus grandis
maintained at 26 C or 12 C (Experiment 3)
N
Gonadoscmatic Indexa 
(G.S.I.) - Standard 
Error
Angular Transforma­
tion of the G.S.I. 
- Standard Error
26°CC
CP O-Hour 11 0.286 i 0.043 2.979 - 0.214d
Saline 9 0.170 - 0.028 2.282 ± 0.195
12°C°
CP O-Hour 10 0.140 - 0.010 2.132 ± 0.077
Saline 8 0.128 - 0.010 2.014 - 0.083
a Gonad wt./body wt. x 100
Vj > ■ . - ■ . ■—  ■ ■—
Arcs in v  Gonad wt./body wt.
c Animals were maintained on continuous light at 22°C from November 
29, 1976. Temperatures were adjusted to 26°C or 12°C an December 
3. All animals received 8 daily injections of either cortisol and 
prolactin in a 0-hour relationship or saline beginning December 12.
j _
Significantly different from the Saline treated group at 26 C at
p < .01.
Table IX
Daily Variations in the Gonadal Response to Prolactin and Saline Injections in 
ffele Fundulus grandis (Experiment 4)
Time of
Prolactin
Injections
Ganadoscr^tic Index^ 1 
(G.S.I.) - Standard 
Error
Angular Trartsforma- 
tinn of G.S.I. - 
Standard Error
Time of
Saline
Injections
Gonadnsanatic Indent 
(G.S.I.) - Standard 
Error
Angular Transforma­
tion of G.S.I. - 
Standard Error
0700 0.561 ± 0.069 (9)d 4.227 - 0.268 0700 0.484 - 0.050 (6)d 3.959 - 0.214
1100 0.542 i 0.079 (10) 4.104 ± 0.333 1100 0.509 - 0.067 (6) 4.047 - 0.268
1500 0.591 - 0.065 (9) 4.355 ± 0.243e 1500 0.320 - 0.062 (6) 3.162 i 0.326
1900 0.501 - 0.062 (10) 3.985 - 0.265 1900 0.503 - 0.114 (6) 3.963 - 0.411
2300 0.507 - 0.061 (8) 4.034 - 0.245 2300 0.459 - 0.068 (6) 3.821 i 0.315
Uninjected
Controls 0.616 ~ 0.107 (9) 4.350 ± 0.410
a animals were maintained on a 14-hour photoperiod (0700-2100) -iron May IB, 1977 and received 8 daily injections of 
saline or prolactin beginning June 1, 1977.
Gcnad wt./body wt. x 100
c Arcs in -J gonad wt./body wt.
d Nunbers in parentheses are the nurrber of fish saxrpled 
e Significiantly different frcm saline injected group at 1500 at p < .05.
In
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Figure 4
Temporal synergism of cortisol and prolactin in the regulation 
of the gonadoscmatic index of male Fundulus grandis. The dashed 
line indicates the G.S.I. of uninjected animals (U) maintained on 
identical environmental conditions.
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Figure 5
Temporal synergism of cortisol and prolactin in the 
regulation of liver fat in the male Fundulus grandis
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Figure 6
Temporal synergism of cortisol/prolactin, saline/prolactin and 
cortisol/saline on the gonadoscmatic index of male Fundulus grandis. 
The three combinations of injections were administered in either a 
0-hour or a 12-hour temporal relationship. U indicates the G.S.I. 
of the uninjected fish maintained on identical environmental condi­
tions.
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Figure 7
Temporal synergism of cortisol and prolactin on the gonadoscmatic 
index of male Fundulus grandis maintained at 26° or 12°C. The gonado­
scmatic index equals the gonad weight/body weight x 100. Groups of 
fish received eight daily injections of either cortisol and prolactin 
in a 0-hour relationship or saline.
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Figure 8
Daily variations in the gonadal response to prolactin or 
saline injections in male Fundulus grandis. All groups were 
acclimated to a 14-hour daily photoperiod (0700-2100).
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Section III
Temporal Synergism of Cortisol and Prolactin 
Influences Salinity Preference of Male Gulf 
Killifish, Fundulus grandis.
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Introduction
The migrations associated with reproduction have been studied 
extensively in a few euryhaline teleosts. The reproductive migrations 
of various salmon (Qnoorhynchus and Salmo) the three-spined stickleback 
(Gasterosteus aculeatus) and eel (Anguilla) have received the most 
attention. In addition to migrations associated with reproduction, 
many euryhaline estuarine fish make other seasonal movements through 
water of different salinities (Gunter, 1967; Day et al., 1973).
The Gulf killifish, Fundulus grandis, is a euryhaline species 
found in brackish water along the coast of the Gulf of Mexico from 
Florida to northeast Mexico. Although it is not characterized as a 
seasonal migrant, it has been reported to occupy waters of different 
salinities during various seasons of the year. Gunter (1945) reported 
that Fundulus grandis along the Texas coast were most abundant in waters 
of lew salinity (3.4 to 6.4 parts per thousand, °/oo) during the surrmer 
and in water of intermediate salinity (12 to 20 °/oo) during the winter. 
Perret et al. (1971) reported that Fundulus grandis along the Louisiana 
coast were abundant in water of 25.5 to 28 °/oo during October and 
November whereas during May through August the fish were taken in 
waters of lower salinity (1.9 to 14.4 °/oo). Forman (1968) also 
reported that Fundulus grandis occupies waters of intermediate salinity 
(16 to 20 °/oo) frcm December to February. No summer samples were 
taken during this study. Similar seasonal movements have been 
reported for Fundulus heteroclitus, a closely related species along 
the Atlantic coast (Childester, 1920; Lotrich, 1975). Lotrich reported 
that individually marked fish were observed to migrate up to two kilometers
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frcm estuarine areas to river headwaters of lcwer salinity during the 
winter when the fish were reproductively inactive.
The characteristic movements of lew latitude estuarine fish into 
less saline water during the spring and summer have generally been 
ascribed as responses to environmental changes such as increase in 
tanperature (Gunter, 1967), increases in tidal flew (Butner and 
Brattstrcm, 1960), or salinity change (Perez, 1969). Hcwever, Spieler 
et al., (1976b) reported that daylength influences salinity preference 
in Fundulus grandis. Fish acclimated to 15-hour dally photoperiods 
preferred less saline waters than fish acclimated to 12- or 9-hour 
daily photoperiods. Daylength has also been reported to induce changes 
in salinity preference of the three-spined stickleback, Gasterosteus 
aculeatus, (Baggerman, 1959) and of various species of immature 
salmon (Baggerman, 1959; Mclnemey, 1964).
Although various regulatory mechanisms that are thought to be 
involved in euryhaline migrations have been studied, no single hormonal 
or neural mechanism appears to account for all aspects of teleost 
migrations. The involvement of thyroid activity in migration was 
proposed by Hoar (1939). Hcwever experimentally elevated thyroxine 
levels promote contrasting salinity preference patterns in different 
freshwater breeding species. Administration of thyroid stimulating 
hormone or thyroxine resulted in saltwater preference in juvenile 
Onoorhynchus nerka and Qncorhynchus kisutch (Baggerman, 1960, 1963) 
and freshwater preference in Gasterosteus aculeatus (Baggerman, 1959). 
Correlations between migration and histological evidences of thyroid 
activity have also proven to be contradictory. The strongest 
correlation involves an increase in thyroid activity prior to seaward
67
migrations associated with the parr to smolt transformation in Salmo 
sp. and Qncorhynchus sp. and the transformation of Anguilla sp. 
sedentary yellow eels to migratory silver eels (review: Fontaine,
1975). Therefore increases or decreases in levels of thyroxine may 
affect migration indirectly through the induction of iretamorphic changes 
or alterations in the general activity of the nervous system.
Because prolactin has an important osmoregulatory role for fish 
in freshwater (review: Johnson, 1973), attanpts have been made to
correlate pituitary and plasma prolactin levels with the migrations 
of Anguilla anquilla (Vollrath, 1966) and Pleooglossus altivelis (Hcnma 
and Yoshie, 1974). Increases in plasma or pituitary prolactin content 
have also been observed prior to anadramous migration in Qncorhynchus 
keta (Nagahama and Yamamouo, 1970), Qncorhynchus nerka (McKeown and 
van Overbeeke, 1972), and Gasterosteus aculeatus (Lam, 1972). These 
premigratory increases in prolactin have been interpreted to be a 
preparation for the migration to fresh water.
The involvement of prolactin in migration is not restricted to the 
teleosts. Prolactin administration stimulates the water drive migra­
tion to fresh water of the red eft stage of the spotted newt, 
Notophthalamus viridescens (Chadwick, 1941). Prolactin also induces 
nocturnal migratory activity in the white-crcwned sparrow, Zonotrichia 
leuccphrys qambelii (Meier et al., 1965) and the white-throated sparrow, 
Zonotrichia albicollis (Meier and Martin, 1971).
The ability of prolactin to induce water drive behavior in the 
spotted newt and the migratory activity of the white-throated sparrow 
depends upon the time of administration of the hormone in relation to
either the daily photoperiod or daily injections of corticosterone. 
Prolactin injections at the end of the daily photoperiod or 16 hours 
after daily corticosterone injections were more effective than 
injections at other times in the induction of the fresh water drive 
in the newt (Meier et al., 1971a). In the white-throated sparrow, 
prolactin induced nocturnal activity when injected in the middle or 
latter portions of a 13.5 hour daily photoperiod but not when injected 
early in the day (Meier, 1969b). Martin and Meier (1973) reported 
that daily injections of corticosterone and prolactin in specific 
temporal relationships not only induced migratory activity but also 
regulated northward or southward orientation of the activity in birds 
exposed to the night sky.
A role has been proposed for the temporal synergistic interaction 
between adrenal cortical hormone and prolactin in the regulation of 
other seasonal conditions in a variety of vertebrates (Meier, 1975). 
Daily variations of fattening and reproductive responsiveness to pro­
lactin injections can be entrained by daily injections of adrenal 
cortical hormone in vertebrates from fish to mantnals maintained under 
continous light conditions. Hie temporal synergistic interaction of 
daily injections of cortisol and prolactin have been found to influence 
body fat content and gonadal weight in Fundulus grandis maintained 
under continuous light conditions (Meier et al., 1971c; Section II). 
The present study was performed to determine whether daily injections 
of cortisol and prolactin in specific temporal relationships influence 
salinity preference in male Fundulus grandis.
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Materials and Methods
Male Fundulus grandis were purchased from catmerical collectors 
in the region of Grand Isle, Louisiana from May to November, 1976. In 
order to confirm a seasonal variation in salinity preference of 
Fundulus grandis, the preferences of feral fish were determined 
within three days after introduction into the laboratory during 
November and June. All other fish used in this experiment were main­
tained for at least three weeks prior to hormonal treatment under con­
tinuous light conditions. Fish were maintained in three 20 gallon 
aquaria connected to a ccsnron biological filter to maintain consistent 
water quality, salinity (3 °/oo) and tenperature (22° - 1°C). The fish 
were fed oannercial fish flake food once or twice daily at random times. 
Experimental fish received eight daily injections of one of the follow­
ing treatments: cortisol and prolactin at the same time (CP-O), corti­
sol and prolactin 12 hours apart (CP-12), cortisol only (C), prolactin 
only (P), or 0.65% saline only (S). All hormones were administered in 
a concentration of 2 ng/g body weight in either 0.65% saline (prolactin) 
or 0.65% saline-4% ethanol (cortisol). A final group (U) consisted of 
fish which received no injections.
The salinity preference of individual fish was determined in a 
horizontal salinity gradient chamber (Fig. 9) modified from the 
original design of Staaland (1969). This device is a partitioned 
aquarium in which aquatic animals are presented with a horizontal 
series of salinities. The adjacent salinities of the series are separa­
ted by discontinuity or transition layers which form as a result of
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differences in density between brackish waters of different salt con- 
concentrations. Fish are thus given a series of discrete choices 
among the gradation of salinities with a distinct option between two 
salinities at each transition layer.
The preference chambers used consisted of two large plexiglass 
tanks (120 cm long x 21 cm deep x 30 cm high) which ware partially 
subdivided by baffles into six interconnecting compartments. The tank 
bottom, end pieces, and baffles were black plexiglass, and the front 
and back pieces were clear plexiglass. The use of black plexiglass 
for the baffles and sides reduced the time required for a naive fish 
to learn to negotiate the chamber. The salinity gradient was formed by 
initially filling each of the lower ocmpartrnents with water of one of 
six salinities (0, 7, 14, 21, 28, and 35 °/oo). Water of the lowest 
salinity was than added slowly from overhead reservoirs (approximately 
125 ml/min ) into the first compartment which resulted in the contents 
of this compartment overflowing into the adjoining ocnpartment. The 
overflow frcm one ccmpartment into adjacent compartments continued in 
series frcm the first to the last ocnpartment. The differences in 
densities between waters of adjoining compartments resulted in the 
formation of the interfaces or transition layers between various 
salinities. Adjustments of the location of these interfaces were made 
hy appropriate regulation of flow rates into adjacent oonpartments.
The gradient chamber was filled to a level sufficient to allcw 
the fish to swim over the lower baffles (approximately six cm over the 
top of the lower baffles). Although the movement of the fish through 
the gradient temporarily disturbed the transition layers, they were
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quickly reestablished. Hcwever, scare mixing did occur and the entire 
chanter was drained and refilled after 18 to 24 hours of use. Oxygen 
was continuously supplied through a silastic medical grade tubing 
(Dew-Coming, 0.132 in X.D., 0.183 in O.D.) which was inserted along 
the back wall through holes in the lewer baffles located three cm 
above the tank bottom. The tube was pressurized with oxygen (8 P.S.I.) 
and the high oxygen permeability of the tube maintained dissolved 
oxygen levels near saturation.
One day after the last hormone or saline administration, individual 
fish were placed into the salinity gradient. The fish were introduced 
into ocnpartment 1 (0 °/oo) which most closely approximated the salinity 
of the holding tanks. The movements of the fish were recorded photo­
graphically at five minute intervals for a period of six hours.
Salinity preferences were determined at randomized times during the day. 
Photoperiodic recordings were taken by a Minolta XL-400 movie camera 
using Kodak Ektacbrcme 160, Type A movie film. This camera is 
equipped with an intervalcmeter to allow for single frame exposures 
at adjustable frequencies. The film was commercially developed. Single 
frames were viewed through a dissecting microscope and the location 
of each fish at five minute intervals was recorded. The position of 
each fish was therefore monitored 72 times during the six hour observa­
tion period. A frequency histogram of fish location was constructed 
for each treatment group. A least squares analysis of variance and 
least significant differences were used for statistical analysis of 
the data.
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Results
The salinity preference of the groups of feral fish tested 
during November and June is shewn in Fig. 10. During November, six 
feral fish preferred the higher sail inities (mean salinity preference, 
all observations = 22.23 - 3.21 °/oo) and were observed the greatest 
percentage of time (26.15%) in the highest salinity (ocnpartment 6) 
and least often (5.09%) in fresh water (ocnpartment 1). In contrast, 
eight feral fish tested during June preferred the lower salinities 
(group mean - 13.22 - 2.61 °/oo) and were observed most often (40.97%) 
in the fresh water of ocnpartment 1.
The results of hormone treatment on group salinity preference are 
shown in Table X and Fig. 11. A significant interaction between hor­
mone treatment and salinity preference was observed (p < .001), least 
squares analysis) indicating that the salinity preference varied among 
the groups. The untreated group (U) appeared to prefer low salinities
(group mean = 15.85 - 2.29 °/oo) and individual fish were observed the
greatest percentage of time (30.93%) in ocnpartment 1. Saline treatment 
(S) also resulted in a preference for lower salinities (group mean =
13.63 - 2.81 °/oo) and these fish were observed most often (28.01%) in 
caipartment 2. The percentage of time spent by fish frcm the S group in 
compartment 2 was greater than the time spent in this ocnpartment by fish 
of the prolactin (P) and cortisol (C) groups (p < .05) or of the cortisol 
and prolactin groups (CP-O, CP-12) and of the untreated (U) group (p <
.01). Group C (group mean = 17.60 - 2.25 °/oo) and the CP-12 group
(group mean = 15.71 - 2.19 °/oo) did not differ in salinity preference
frcm the U group and the fish of the C and CP-12 groups were also observed
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most frequently in ocnpartment 1 (24.44% and 23.29% respectively).
The CP-0 group preferred higher salinities (group mean = 23.92 
- 1.17 °/oo) than all other groups. Hie fish of this group were 
observed most frequently (31.51%) in ocnpartment 6, a percentage of 
time which was significantly greater than the time spent in this 
ocnpartment by fish frcm groups CP-12, S and U (p < .01). Hie CP-0 
fish were also observed more frequently in ccnpartment 5 than the 
fish of groups CP-12 and S (p < .05) and less frequently in ocnpartment 
1 than fish frcm groups CP-12, C, S and U (p < .01). Hie prolactin 
treated group (P) also tended to prefer higher salinities (group mean 
= 18.45 - 1.48 °/oo). Hie fish of this group were observed most 
frequently (19.98%) in the highest salinity of ocnpartment 6 and 
spent less time in compartment 1 than fish frcm the S and U groups 
(p < . 05).
Discussion
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The observations of feral fish tested during November and June 
clearly show a seasonal difference in salinity preference. These 
results are in agreement with the observations of Fundulus grandis 
in the wild (Gunter, 1945; Perret et al., 1971) and demonstrate that 
during the sunmer these fish prefer less saline water than during the 
winter. The freshwater preference of Fundulus grandis during the 
summer may result from exposure to increases in daylength at this 
time of year. Spieler et al., (1976b) reported that Fundulus grandis 
acclimated to a long daily photoperiod similar to that experienced by 
feral animals during June, preferred less saline water than fish 
acclimated to intermediate or short daily photoperiods.
Under the experimental conditions utilized in this study, 
untreated Fundulus grandis preferred low to intermediate salinities. 
The uninjected and saline injected fish were observed most often in 
the lew saline water. This preference for lower salinities appears 
to reflect the seasonal physiological condition of the animal during 
the experiment. The majority of the fish studied were observed 
during the period frcm May to Septarber r a time in which this species 
prefers lewer salinities and characteristically move into less saline 
water (Perret et al., 1971). This seasonal preference for lew saline 
water would tend to be maintained through the continuous exposure to 
constant light conditions utilized in this experiment.
In contrast with the uninjected and saline injected groups, 
treatment of fish with cortisol and prolactin in the 0-hour relation­
ship resulted in a definite preference for water of higher salinity.
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However, the importance of the temporal relationship between injections 
of the two hormones on salinity preference is indicated by the dif­
ference in behavior between the CP-0 and the CP-12 groups. The 
salinity preference of the CP-12 group did not differ frcm that of 
the uninjected group.
A somewhat greater preference for higher salinity was also 
observed in the group injected with prolactin only. This tendency 
was expected in view of the fact that daily disturbances influence 
metabolic and reproductive conditions of vertebrates apparently by 
stimulating the release of adrenal cortical hormone (Meier et al.,
1973). In fish, the stress of handling and restraint results in 
increases in plasma cortisol levels within 20 minutes after the 
stress (Spieler, 1974). Therefore, in the prolactin treated fish, 
the daily disturbance of injection would be expected to result in 
endogenous rises of cortisol at the time of exogenous prolactin 
administration and produce a 0-hour relationship between the hormones.
Injections of cortisol only produced a pattern of salinity 
preference which was qualitatively different frcm other groups. This 
group appeared to prefer either lcwer or higher salinities and to 
avoid intermediate salinities. Hcwever analysis of the caipartment 
frequency histograms of individual fish did not indicate a bimodal 
pattern of salinity preference. The pattern of preference of the 
total group is the result of both large variation in mean salinity 
preference among individual fish and the small sample size of this 
group.
76
Although the results of this study demonstrate that salinity 
preference is altered by simultaneous daily injections of cortisol 
and prolactin, the mechanism of action of such treatment is not 
indicated. The CP-O-hour treatment could influence behavior either 
by a direct action an the activity of neural centers or indirectly 
through modification of other physiological parameters such as 
osmoregulatory ability. Prolactin administration has been reported 
to alter behavioral responses other than salinity preference in fish: 
increased incidence of fin fanning parental behavior in cichlid fish 
(Blum and Fiedler, 1965), brooding behavior in the jewel fish, 
Hemchromis bimaculatus (Noble et al., 1938), and nest building behavior 
in paradise fish Macropodus opercuius (Machmer and Fiedler, 1965). 
However, it is not known whether such prolactin induced changes in 
behavior are direct neural responses or the indirect result of 
alterations of the levels of other hormones. In support of a direct 
effect of prolactin on neural issue is the report of Fiedler and 
Blum (1972) in which prolactin administration resulted in increased fre­
quency of action potentials in the forebrain of Lepcmis qibbosus, 
Astronatus ooellatus and Carassius auratus.
In contrast with an effect of prolactin on neural activities, 
the alteration of beleost salinity preference as a result of the 
CP-0 treatment may result from changes in the osmoregulatory abilities 
of the organism. Both cortisol and prolactin are involved in teleost 
osmoregulation. Prolactin is known to be necessary for freshwater 
survival in sore euryhaline and freshwater species and appears to be 
the primary hormone necessary for adaptation to freshwater. In con­
trast, cortisol appears to be necessary for the adaptation for survival
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in sea water (Johnson, 1973).
Many of the specific effects of prolactin and cortisol on teleost
osmoregulation are antagonistic. At the level of the gills, prolactin
reduces and cortisol increases water influx in Anguilla japonica
(Ogawa, 1975). Prolactin also reduces the Na efflux from the gills
(Lam, 1968; Lahlou and Giordan, 1970; Dharmamba et al., 1973) apparently
+ +through alterations of Na /K AHPase activity which is decreased by
prolactin (Pickford et al., 1970a; Kamiya, 1972) and increased by
cortisol (Maetz, 1969; Pickford et al., 1970b). At the level of the
intestine cortisol injections increase Na+ active transport and water
+ +permeability (Utida et al., 1972) and increase levels of Na /K 
ATPase (Pickford et al., 1970a). In contrast, prolactin injections 
decrease intestinal water permeability and inhibit cortisol induced 
water uptake and Na absorption in Anguilla japonica (Utida et al.,
1969; and Utida and Hirando, 1973).
Recent evidence has implicated an osmoregulatory role for the 
urinary bladder in sane teleosts (Bern, 1975). 'Transfer to freshwater 
(Johnson et al., 1972; Doneen, 1976) and prolactin administration 
(Foster, 1975; Doneen, 1976) decrease water reabsorption and increase
Na+ reabsorption in sane teleost species but not all (Doneen, 1976).
+ *This effect of prolactin on Na reabsorption apparently is mediated
through increases in NaH/K+ ATPase activity (Utida et al., 1974). Corti­
sol increases bladder permeability to water in Gillichthys mirabilis 
(Doneen and Bern, 1974) and Platichthys stellatus (Johnson, 1973). In 
Platichthys, the effect of prolactin in the reduction of water reabsorp­
tion is blocked by simultaneous cortisol administration.
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Hie antagonistic action of cortisol and prolactin cn osmoregula­
tory origans may be the basis for the tsiporal synergistic effects of 
these two hormones on salinity preference. Inhibition by cortisol of 
the hypotonic regulatory action of prolactin would be more effective 
when administered concurrently with prolactin. Cortisol might block 
the action of prolactin and thereby inpair osmoregulation in a hypotonic 
medium and promote a preference for a more saline environment. 
Simultaneous injections of cortisol in Platichthys stellatus (Johnson, 
1973) or thermal stress (a releaser of cortisol) in Carassius auratus 
(tMninger, 1973) have been reported to inhibit the osmoregulatory 
effects of prolactin. In contrast, the daily adniinistration of 
cortisol 12 hours after prolactin may not have resulted in an inhibi­
tion of the osmoregulatory functions of prolactin and therefore would 
not be expected to result in a preference far higher salinities.
Injections of cortisol alone would be expected to result in 
increased salinity preference only if the time of injections corre­
sponded temporally with the time of high levels of endogenous prolactin. 
In fish maintained on continuous light, a prolactin rhythm may not be 
present at all or it may not be synchronized among the population. Even 
if present and synchronized, the prolactin peak would probably not 
occur at the same time as the cortisol injections. Analysis of the 
preference patterns of individual fish indicated a variable response 
to injections of cortisol when given alone. Of five fish, three 
preferred higher salinities, whereas two preferred lcwer salinities.
This differential response may have resulted frcm variation in the 
time relation between the endogenous rhythm of plasma prolactin and
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the injected cortisol.
In addition to the promotion of a preference for higher salinities, 
the CP O-hour relationship also stimulates increases in gonad weight 
and body fat stores (Section II). This relation has a parallel during 
the annual cycle of Fundulus grandis. In feral fish gonadal recrude­
scence and increases in body fat stores occur during the winter and 
early spring (Section I) when this species is found in high salinities 
(Gunter, 1945; Perret et al., 1971). Ihus the regulation of seasonal 
changes in reproduction, fat metabolism, and salinity preference may 
involve a cannon endocrine mechanism. Ihis common endocrine mechanism 
would allcw for the coordination of seasonal metabolic and reproductive 
cycles and changes in salinity preference.
The preference for a particular range of salinities during the 
breeding season may be beneficial to or necessary for maximum repro­
ductive success of the species. Although adult euryhaline 
cyprinodontid fish are able to survive a wide range of salinities, 
environmental factors including salinity, are known to influence 
development and survival of young fish. Both temperature and 
salinity can influence the viability of teleost eggs and larvae 
(Holliday, 1969), and exposure to specific salinities can induce the 
formation of abnormalities during development (Alderdice and Forrester, 
1968). In addition, the growth rate and conversion efficiency of 
food to bicmass in young fish is affected by salinity (Kinne, 1960).
Thus reproduction of a species within a particular range of salinities 
may be important for the maximum survival of the young.
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A carman endocrine mechanism for the regulation of reproduction, 
metabolism, and behavior in the vMte-throated sparrow, Zonotrichia 
albicollis, has been proposed (review: Meier, 1976). This mechanism 
is based upon the seasonal changes in the phase relations of the daily 
rhythms of endogenous corticosterone and prolactin. Daily injections 
of corticosterone and prolactin in specific temporal relationships can 
simulate seasonal changes in the timing of endogenous daily hormone 
rhythms and result in appropriate changes in reproduction, metabolism, 
and migratory behavior.
The regulation of seasonal conditions in Fundulus grandis may 
involve similar alterations in the temporal relationship between 
endogenous daily rhythms of cortisol and prolactin. Both temperature 
and the daily photoperiod significantly affect daily rhythms of fish.
In addition, temperature changes significantly alter reproductive 
development in fish, including Fundulus grandis (Section I). The 
daily rhythm of plasma cortisol in Fundulus grandis is entrained by 
the daily photoperiod (Srivastava and Meier, 1972; Garcia and Meier, 
1973). The daily rhythm of plasma prolactin in laboratory acclimated 
Fundulus grandis is apparently entrained by the daily photoperiod 
(Spieler, 1975). Hcwever, the phase relationship of the hormone rhythm 
with respect to the photoperiod is significantly altered by changes in 
tenperature (Spieler, Ifeier and Noeske, unpublished). Therefore, 
changes in the temporal relationship between endogenous daily rhythms 
of cortisol and prolactin would be expected as a result of seasonal 
changes in temperature and daylength. An annual sequence of changes 
in the temporal relationships between the daily rhythms of these two
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hormones would serve well as an integrating system to regulate 
seasonal changes in reproduction, metabolism, and salinity preference 
in Fundulus grandis.
Table X
Frequency Distribution of the Salinity Prefer sine of Fundulus grandis Treated with 
Eight Daily Injections of Hnnrnnp nr Rapine
Cort i sol-Prolactin(16)a Cortisol-Prolactin(13)
0-Hour Relation 12-Hour Relation Prolactin (14) Cortisol(5) Sal±ne{S) Uninjected (11)
Compartment 1 
0 7 oo 5.82b 23.29c 12.82 24.44° 26.29°'d 30.93c,d
Ccrrpertment 2
_ - .e e ___f . __f 28.017 /oo 7.64 14.00 16.03 13.89 9.97
Caipartment 3
14 /oo 13.11 18.70 18.80 8.89 10.88 15.40
Garpartment 4
21 /oo 16.15 16.88 19.34 12.78 16.67 16.16
Caipartment 5 
28 /'oo 25.52 11.229 13.03 17.50 9.49g 14.52
Carpgrtnent 6
31.51 14.85° 19.98 22.50f 8.56° 13.13°
Group Mean Salinity^  
Preference h r/oo -
U
4. _L 4* 4.
Standard Error) 23.92 - 1.17 15.71 - 2.19 18.45 - 1.48 17.60 - 2.25 13.63 - 2.81 15.85 - 2.29
? Numbers in parentheses are the limbers of fish observed at five minute intervals far six hours.
Percentage of total observations of fish in each of six different salinities. Total of all observations far each 
treatment equals 100%.
. Significantly different fran the CP-O group, p. < .01.
Significantly different from the P group, p. < .05.
5 Significantly different fran the S grcup, p. <. 01.
Significantly different fran the S gimp, p. < .05.
? Significantly different fran the CP-0 group, p. < .05.
Average of the mean salinity preference of individual fish.
Figure 9
A modified Staaland device for determining salinity pre­
ference of fish. The upper diagram is a 3/4 view of the chamber 
and the lower diagram illustrates a schematic frontal view of 
the chairber.
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Figure 10
Frequency distribution of salinity preference of male 
Fundulus grandis determined during November and June.
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Figure 11
Frequency distribution of salinity preference of male 
Fundulus grandis maintained under continuous light conditions 
and injected daily with hormones or saline. Individual groups 
were injected for eight days according to one of the following 
regimens: cortisol and prolactin at the same time of day
(CP-0) / prolactin at 12 hours after cortisol injection (CP-12), 
prolactin only (P), cortisol only (C), or saline (S). A control 
group (U) received no injections.
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Conclusions
These studies demonstrate that the Gulf killifish, Fundulus 
grandis, undergoes seasonal changes in gonadal size body, fat stores 
and salinity preference. In addition, Fundulus grandis undergoes 
seasonal variation in the sensitivity of the reproductive system to 
thermal stimulation. The timing of these seasonal changes appear to 
be synchronized in that gonadal recrudescence occurs in the feral 
animal during the winter and early spring when body fat stores are 
high and when the animal prefers and is found in water of high 
salinities. In contrast, during the late spring and summer the 
animal undergoes gonadal regression, loss of body fat stores and pre­
fers water of low salinities.
The presence of coordinated seasonal variations suggests a 
canton regulatory mechanism. The neuroendocrine system is particularly 
well suited for such a regulatory role. Daily injections of cortisol 
and prolactin administered at the same time of day (0-hour temporal 
relationship) stimulate increases in gonadal weights, body fat content 
(Section II) and preferred salinity (Section III) in Fundulus grandis 
maintained on continuous light. These conditions resemble those which 
occur in the feral animal during the winter and early spring. In 
contrast, injections of cortisol and prolactin in other temporal 
relations result in conditions similar to those found during the 
spring and summer, i.e., no gonadal growth, depletion of fat stores 
and preference for lower salinities. Therefore, it is proposed that
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seasonal changes in reproduction, fat metabolism and salinity prefer­
ence are regulated by a ccrrmon mechanism based upon a changing tenporal 
relationship between endogenous hormone rhythms.
A daily rhythm of plasma cortisol has been observed in Fundulus 
grandis sampled during the sunnier (Garcia and Meier, 1973) and during 
November (Srivastava and Meier, 1972). In both studies, a peak of 
plasma cortisol occurred eight hours after the onset of light in male 
Fundulus grandis. Joseph and Meier (1971) reported that the time of 
peak fattening responsiveness to prolactin injections, apparently 
entrained by the endogenous rhythm of cortisol, occurred eight hours 
after the onset of light in Fundulus grandis maintained on 8-, 12-, or 
16-hour daily photqperiods. Apparently the phase of the daily rhythms 
of plasma cortisol does not undergo seasonal changes.
In contrast to the daily rhythm of plasma cortisol, the daily 
rhythm of plasma prolactin does appear to be influenced by environ­
mental conditions, especially by temperature. In Fundulus grandis 
maintained at 12° or 20°C, the daily peak of prolactin occurred eight 
hours after the onset of light whereas at 28°C the peak occurred at the 
onset of light (Spieler, Meier and Noeske, unpublished). These results 
suggest that the circadian rhythm of plasma prolactin is entrained by 
the light-dark cycle and that the phase angle between the endogenous 
rhythm of prolactin and the photoperiod is influenced by. tenperature.
A comparison of the daily rhythms of plasma cortisol and prolactin 
in fish acclimated to thermal conditions of late winter and early 
spring (12-22°C) or conditions of the suttmer (28°C) reveals that both
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hormones peak about eight hours after the onset of light at the lower 
temperatures and that the prolactin peak occurs about 16 hours after the 
cortisol peak at the higher temperature. Therefore, in the late winter- 
early spring tenperatures the temporal relationship between endogenous 
daily rhythms of cortisol and prolactin approximates a 0-hour relation­
ship. Ibis relationship is present at a time in which the feral 
animal undergoes gonadal recrudescence, increases in body fat stores 
and is found in higher saline waters. In contrast, in environmental 
conditions characteristic of the sunnier, the temporal relationship 
between the two hormone rhythms approximates a 16-hour relationship and 
occurs, at a time of year characterized by gonadal regression, fat store 
depletion and a preference for lower salinity.
When the 0-hour relationship between cortisol and prolactin 
rhythms is simulated by simultaneous injections of the hormones, the 
reproductive system, body fat stores (Section II) and salinity pre­
ference (Section III) undergo changes that resemble those conditions 
observed in the animal during the late winter and early spring. With 
increasing water temperature during the late spring and summer the 
temporal relationship between cortisol and prolactin changes from a 
0-hour to a 16-hour temporal relationship. A 12- or 16-hour relation­
ship of exogenous hormones do not induce gonadal growth, deplete body 
fat stores and promote a preference for lew salinities, conditions that 
are characteristic of the animal during the late spring and sunnier 
months.
A change in the temporal relationship between endogenous cortisol 
and prolactin rhythms may also account for the seasonal variation, in
the gonadal response to tenperature (Section I). Exposure of the fish 
to the low temperatures of winter and early spring would establish a 
0-hour relationship between the hormone rhythms. This relationship 
is stimulatory for the reproductive system and would allcw for the 
observed gonadal grcwth in response to increasing water temperatures 
characteristic of the early spring. However, as water temperatures 
approach a critical thermal value during the late spring (approximately 
28°C), a 16-hour temporal relationship is established between the 
hormone rhythms. This teitporal relationship is nonstimulatory to 
the reproductive system and would be expected to result in the observed 
gonadal regression in response to continual exposure to warm tenpera­
ture and decreasing daily photoperiods of surnner.
Both the results of injection experiments (Sections II and III) 
and the analysis of endogenous hormone rhythms support the hypothesis 
that seasonal conditions in Fundulus grandis are regulated by means 
of a changing tenporal relationship between daily hormone rhythms. 
Changes in water tenperature during the year would result in altera­
tions in the tenporal relation between then endogenous daily rhythms 
of cortisol and prolactin. An annual sequence of changes in the 
tenporal hormonal relationship offers a precise endocrine mechanism 
to regulate and integrate seasonal changes in reproduction, metabolism 
and salinity preference in Fundulus grandis.
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